Biologically potent tetraazamacrocyclic heterobimetallic complexes of silicon, tin, titanium, zirconium and platinum have been synthesized by the reactions of monometallic [Pt(C 4 H i3N 3 ) 2 ]Cl 2 with organometallic compounds of silicon, tin, titanium and zirconium in 1:2 molar ratios in methanol. The complexes were characterized by physicochemical and spectroscopic methods and a square planar geometry has been suggested for the resulting macrocyclic complexes. These have been screened for their antimicrobial activity against several microbes and the results are compared with the starting materials.
INTRODUCTION
Transition metal complexes of binucleating ligands 1 are of interest because they provide the opportunity to study the intramolecular binding and possible activation of small substrate molecules between the metal centres, along with magnetic exchange infractions and multielectron redox reactions. They may also serve as models for certain metal loproteins'. Heterobimetallic transition metal complexes have received much attention in recent years 3 . Many types of binuclear complexes with bridging ligands have been synthesized and used in studies of electron-transfer processes and metal-metal infractions 4 . Bridging ligands can change the nature of metal-metal interactions. For example, studies on binuclear complexes with bridging imidazolate ligands suggest that imidazolate is particularly efficient in promoting electron transfer 5 .
The chemistry of multimetallic systems is an emerging area of material science as documented by the increase in the number of publications . Various metals have been incorporated in all of the topologically different parts of dendritic structures providing new materials which, in some cases have been shown to possess interesting properties in catalysis 7 ' 8 , electrochemistry, photophysics 9 and as molecular sensor for gas. Electron transfer processes in binuclear ruthenium complexes have been the subject of interest due to the fact that these play vital roles in industrial endeavors as well as in biological organisms 10 . In addition, these complexes have been used as homogenous catalysts for the hydrogenation of unsaturated substrates". Platinum metal have attracted considerable interest owing to their anticancer activity and biological activity 12 . In the present paper, we have made an attempt for the synthesis and characterization of new heterobimetallic complexes of platinum and group fourteen elements.
EXPERIMENTAL
The metal salts PtCl 2 , Cp 2 TiCl 2 , Cp 2 ZrCI 2 , Ph 2 SnCI 2 , and Me 2 SnCI 2 (B.D.H.) were used as commercially available pure samples. The chemical 2,2'-diaminodiethylamine (E. Merck) was used as received. Methanol and ethanol were distilled before use. Adequate precautions were taken to exclude moisture from the system.
Synthesis of Pt(C 4 H I3 N 3 )2Cl2
The monometallic complex was prepared by dissolving PtCl 2 (0.01 mol) in hot methanol followed by dropwise addition of 2,2'-diaminodiethylamine (0.02 mol). The product so obtained was washed with methanol and dried in vacuum, characterized and analysed.
Synthesis of the Complexes
The bimolar reactions of ligand with group fourteen organometallic dichlorides, i.e., Ph 2 M'CI 2 , Me 2 M'Cl 2 and Cp 2 M"Cl 2 were carried out in hot methanol. The product was stirred for 10-12 hours at room temperature. A crystalline product was separated out and recrystallised from benzene.
Physical Measurements and Analytical Methods
The IR spectra (4000-200 cm" 1 ) were recorded on a model Nicolet Magna FTIR-550 spectrophotometer in the form of KBr pellets. The electrical conductivities of 10 ' Μ solutions in dry DMF were obtained on a Systronics type 305 conductivity bridge. Molecular weights were determined by the Rast Camphor method. The 'H NMR spectra were obtained in DMSO d 6 using JEOL FX90Q spectrometer with Me 4 Si as an internal standard. Chemical shifts were reported in ppm units. Platinum, titanium, zirconium, tin and silicon were estimated gravimetrically 13 as their oxides. Nitrogen was estimated by Kjeldahl's method and chlorine by Volhard's method 13 . Physical properties and analytical data of both type of complexes have been given in Table I .
R. V. Singh et cd.

Biologically Potent New Heterobimetallic Complexes of
Platinum, Silicon, Tin, Titanium and Zirconium 
RESULTS AND DISCUSSION
The elemental analysis and analytical data of the prepared complexes suggest 1 : 2 metal to monometallic complex stoichiometry as shown in Table I . The bimolar reactions can be represented by the reactions. 2 ) showed them to be strong electrolytes.
SPECTRAL STUDIES IR Spectra
The IR spectra of the bimetallic complexes compare well with the spectra of monometallic complexes. The primary stretch is located at higher frequency than that of the corresponding secondary amine. The spectra of monometallic complex exhibit a broad and strong band in the range 3280-3140 cm" 1 assigned to v(N-H). This band is found at lower frequency (3098 cm") in the complexes 14 . This may be taken as an evidence for the coordination of secondary nitrogen to metal. Aromatic ring stretching (C=C) are present at 1646, 1520 and 1462 cm" 1 . A broad band due to NH in case of monometallic complex assigned almost at the same position in case of bimetallic complexes, indicating that this group remains uncoordinated. The -CH 2 stretching and -CH 2 bending vibrational modes in both the complexes appear at 2875-2950 and 1460-1478 cm" 1 , respectively 15 . The band observed at 820 cm" 1 assigned to >N-CH 2 bonds. In a depth study of IR spectra of complexes show several new bands of medium to weak intensity at around 585 and 430 cm" 1 attributable to v(Si«-N)' 6 and v(Sn«-N) vibrations, respectively. Table-II) .
l H NMR Spectra
The spectra of complexes do not show any signal corresponding to primary amino protons suggesting that the proposed macrocyclic complexes have been formed. The signals arising due to aromatic and cyclopentadienyl protons observed at 67.11-7.52 and 6.15-6.56 ppm, respectively. The singlet observed at 61.41-1.62 ppm is due to methyl protons. In the spectra of heterobimetallic complexes the coordination pattern is further supported by the appearance of signals in the region 6 7.78-8.13 ppm due to secondary amino protons (C-NH). Chemical shift values of mono and bimetallic complexes are recorded in Table III 
C NMR Spectra
The coordination pattern of the proposed structure is further established by the carbon-13 spectra. The peak positions along with their assignments are given in Table IV . The noticeable shift observed in the positions of carbons attached with nitrogen atoms in the spectra of metal complexes confirms the inferences drawn earlier on the basis of IR and 'H NMR spectra concerning the participation of nitrogen in bonding with the plantinum metal. The carbon resonances of these complexes were assigned from the incremental rules using standard literature 19 " 21 . 29 Si NMR spectra confirms the tetra coordinated state for these complexes. The peak positions have been recorded in Table III .
UV Spectra
The UV spectra of the metal complexes were recorded in DMSO solution at room temperature. 22 .
Thus, on the basis of the above spectral and analytical data, following structure for the heterobimetallic complexes has been proposed.
MICROBIAL ASSAY
Fungicidal and bactericidal activities of mono and bimetallic complexes against different fungi and bacteria have been recorded in Tables V and VI by the methods reported earlier 23 . Potato dextrose media (PDA) rich in carbohydrates as the major nutrient source is utilized by the microbes with the help of various enzymes (viz. amylase, cellulase, pectinase etc.). Metal based fungicides inhibit a wide range of enzyme involved in various metabolic pathways and ultimately causing cell death. Early work on the mode of action of fungicides showed that these compounds inhibit cell division. It was later 24 shown that specific site of action is ß-tubuline, a polymeric protein found in microtubules-essential component of the cytoskeleton. Phenyl and amine groups in complexes effect nucleic acid synthesis and mitochondrial electron transport also. We might then expect at least the following regulatory processes to be operative 25 .
Escherichia coli (-) Staphylococcus aureus (+) Pseudomonas cepackola (+)
(a) Carbon catabolic regulation -During periods of rapid utilization of the carbon source particularly of glucose or sucrose either the formations of enzymes in the secondary metabolic pathways leading to toxins would be repressed or the activity of these pathways would be inhibited.
(b)
Nitrogen catabolic repression -Excessive levels of rapidly assimilated forms of nitrogen (e.g. ammonium ion) could repress the formation of enzymes concerned with nitrogen transformation of toxins intermediates. (c) Feed back regulation -As toxins accumulate they would, in some instances, limit their own biosynthesis by inhibiting the activity of one or more enzymes earlier in their synthetic pathways.
(d)
Feed back regulation by primary precursors -Primary metabolites that are precursors of toxins could act similarly by inhibiting enzymes in primary pathways prior to where they branch off into secondary ones.
(e)
Energy charge regulation -High phosphate levels could reduce the availability of high energy phosphate (i.e. ATP and ADP). This would effectively inhibit a number of key reactions in primary metabolism which, in turn would cause a reduction in the activity of secondary pathways linked to toxin production.
(f)
Induction -The addition of certain primary metabolites (termed effectors) could induce the formation of enzymes in secondary pathways leading to toxin production. This effect would be aside from any function the effectors might have as precursors of the toxins. These organisms, even at low concentrations and inhibitions of the growth of micro-organism was found to be dependent on the concentration of the compounds. The results indicated that the metal chelates are more active than their parent diamine and monometallic complexes.
The results pointed out that the organotin complexes have greater inhibiting power than the organosilicon complexes. Both of these metal complexes show greater activity than titanium and zirconium complexes. The methyl substituted compounds were found to be less potent than the corresponding phenyl substituted complexes against all the microbes. Although, it is difficult to make out an exact structure and activity relationship between microbial activity and the structure of these complexes, it can possibly be concluded that the chelation as well as the addition of a substrate enhance the activity of the complexes 25 .
